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The compounds of fonnula (I) wherein R| and R2 are, independently, hy- 
drogen, straight or branched chain alkyl or mono- or bi-cyclic alkyl; A is an 
N-heterocycle which may be substimted by alkyl, perfluoroalkyl, alkoxy. perfluo- 
roalkoxy, amino, alkylamino, dialkylamino, alkylsulfonamido. alkylcaiboxamido, A 
nitro, cyano or carboxyl; or, A is a substituted phenyl group containing one or \^ 
two substiments selected from cyano, nitro. alkyl. perfluoroalkyl, alkoxy, perflu- jvj' 
oroalkoxy, amino, alkylamino, dialkylamino, sulfamyl, alkylsulfonamido. aiylcar- | 
boxamido, alkylsulfonyl, perfluoroalkylsulfonyl. aiylsulfonyl, chloro. bromo, flu- n 
oro. iodo, 1-imidazoIyI or carboxyl; or a pharmaceutically acceptable salt thereof, 
are smooth muscle relaxants. 
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:(I) Binraioj 

sip i(q poaussQjdoj spunoduioo sssopsip uouusaui ims^id ^qi *Xi3uipjOD0v 



^losnui qioouis pjasn sjb Xoqi pire dnooS ouiuiBiXuoqd aqj uo pajnipsqns aiB Xoqj 
iBqj ui punoduioo j3 Qsna^j sqi uiojj j^jjip uoutoaui juassjd aqj jo spunodmoD 
sqj. •^uoip-t^*£.3U3-x.jnqopXD-ouiuiBiXqj3uiTp-2.ouiuiBiXu3qd-x sasopstp 
•IBj3dsn3is[*3ldiiiBX3JOj '619 *€£6I '^^D uuv^Siq^n ^'iis 19 Qsm^ pm 'gogz '01 1 
"U6l '^^g '^^MD w JpJBqjqa 'T66I "'^V:) 9wSnfuoDojg * p szjsix 

V?/' *T66I -^^S ^^MD "IH is azisix rsuopBotiqnd Suimohoj gqi ui poquosap ojb 
Sduoip-t.'£-3U3:nqopXo-ouiuiBip-2*I psinuisqns XisnouBA jo sassqjuXs aqx 

'LPL*£L9^P WsjBd Sfl F BJBqoM Xq posopsrp ojb s^Ap^Auap 
outureiX^nBXxousqd.^-ouiure-i psjBpi jbisa^s -lO^^OeO lu^l^d Sfl P^lSlV 
Xq sjsiuoSbjub jojdsooi ^-h p^wodsj oxe souoip VE-^uajnqopXo-ouxuLrciX^H^lXuoqd 
-j-ouiure-I JO 'ZV-6L£9Zp-dR Xjtauob Xjoj^npoqouojq 

puB XjiAUOB 3uLi3MO| 3jnsswd pooiq HuiABq psquossp suBuiojqo jo 
SQAUBAuap 3uoip3U3jnqopXo pajnjpsqns ouiuib jo ss^p u asoiosip 'ib J9 duiajg 

'9STOSIP JBinoscA luiqaxdo pire ^mtSm *amirej 
uraq 3Aps33uoo *QuiojpuXs i^Moq aiqBjixn *joqBi QjiuBuiaid 'BOiqiSB *uoisu3jJ3dXq 

:oi painun jou ajre jnq 'apnpui sjdpjosip qong -uopBinpoui 
puuBqo uinissBjod bta !uoijobj3uoo apsnui qjoouis qjiiw psjBpossB sjspjosip 
}0 imiuxvojx aqj ui asn jpqj 01 pun 'uiaqj guiureiuoo suopisoduioo iHopMOTOireqd 
*uopBJBd3jd jiaq: joj sssoojd b oa 'Xjiauob iB0i3oiO0BuuBqd 3utABq S3UOip-i7-.£; 
ausjnqopXo jo s^ApBAuap ounxiBtp-^ *l pAou oj sqvsi&i uopudAUi juosaid ©qj. 
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a) 



wha«in: 

Rl and R2 are, independent fxoca. each other, hydrogen, Ci-io straight 
chain alkyl, Ci-io branched alkyl , or C3-10 cyclic or bicyclic 
alkyl; 

A is selected from the group consisting of: 









-rR. 




-ttR 



3 



-n-R. 
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wherein: 

R3 is h ri-ogen, C1.6 alkyl, Ci-6 perfluoroalkyl, Ci-6 alkoxy, 
, peifluoroalkoxy, amino, C1.6 alkylamino, 
C2-I2 dialkylamino. C1.6 alkylsulfonamido, alkyl- 
carboxamido containing 2 to 7 carbon atoms, 
nitno, cyano, carboxyl; 
or, A is a substituted phenyl group of the following formula: 




10 

wherein: 

R4 and R5, independent from each other, are selected from the 
following: cyano, nitro, amino, C1.6 alkyl, 
Ci -6 perfluoroalkyl, C1.6 alkoxy, C1.6 perfluoroalkoxy, 

15 amino, C 1 -6 alkylamino, C2- 12 dialkylamino, sulfamyl, 

Ci-6 alkylsulfonamido, C6-12 arylsulfonamido, 
alkylcarboxamido containing 2 to 7 carbon atoms, 
arylcarboxamido containing 7 to 13 carbon atoms, 
Ci-6 alkylsulfonyl, Ci-6 perfluoroalkylsulfonyl, 

20 C6-12 arylsulfonyl, chloro, bromo, fluoro, iodo, 1-imidazolyl, 

carboxyl or hydrogen, with the proviso that R4 and R5 
cannot be hydrogen simultaneously; 
or a pharmaceutically acceptable salt thereof. 

25 A preferred aspect of this invention includes compounds of formula (I) 

wherein: 



30 



Rl and R2 are as stated above; 
A is selected from the following: 



f 
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-tR. 



wherein: 

R3 is as stated above; 
5 or, A is a substituted phenyl group of the following formula: 




10 



15 



wherein: 

R4 and R5, independent from each other, are selected from the 
following: cyano, nitro, amino, chloro, bromo, fluoro, iodo, 1- 
imidazolyl,. carboxyl or hydrogen, with the proviso that R4 and 
R5 cannot be hydrogen simultaneously; 
or a pharmaceutically acceptable salt thereof. 

The most preferred aspect of this invention includes compounds of formula 
(I) wherein: 

Rl and R2 are as stated above; 
A is selected from the following: 
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whmin: 

R3 is as stated above; 
or, A is a substituted phenyl group of the following formula: 




11 R4 



10 wherein: 

R4 and R5, independent from each other, are selected from the 
following: cyano, nitro, amino, chloro, bromo, fluoro, iodo, 1- 
imidazolyl, carboxyl or hydrogen, with the proviso that R4 and 
R5 cannot both be hydrogen simultaneously; 
IS or a pharmaceutically acceptable salt thereof. 



It is understood that the definition of the compounds of formula (I), when Ri, 
R2, R3, R4- or R5 contain asymmetric carbons, encompass all possible stereoisomers 
and mixtures thereof which possess the activity discussed below. In particular, it 
20 encompasses racemic modifications and any optical isomers which possess the 
indicated activity. Optical isomers may be obtained in pure form by standard 
separation techniques. The compounds of this invention, throughout this 
specification, are equivalently name as 3,4-diones or 1,2-diones. The 
pharmaceutically acceptable salts of the basic compounds of this invention are those 



t 



wo 95/14005 



PCTAJS94/12561 



- 6- 



10 



derived from such organic and inorganic acids as: lactic, citric, acetic, tartaric, 
succinic, maleic, malonic, hydrochloric, hydrobromic, phosphoric, nitric, sulfuric, 
methanesulfonic, and similarly known acceptable acids. Where R3, R4, or R5 is a 
carboxyl group, salts of the compounds of this invention may be formed with bases 
such as alkali metals (Na, K, Li) or the alkaline earth metals (Ca or Mg). 

The present invention also provides a process for the preparation of a 
compound of formula (I). More particularly, the compounds of formula (I) may be 
prepared by reacting a compound of formula (Lla): 



k y — \ 

N X 



H 



(na) 



wherein X is a leaving group, for example, methoxy, ethoxy, isopropoxy, halogen or 
15 a similar leaving group and Ai is A, as defined hereinbefore or a group of atoms 
convertible thereto, with a compound of formula (IV): 

HN^ 

Ra2 (IV) 

20 

wherein R^j and are and R2. respectively, as defined hereinbefore or a group 
of atoms convertible thereto and, where appropriate, converting A j into A or 
converting R^^ ^1 convening R^2 ^2 ^'^^ where desired, converting a 
compound having formula (I) into a pharmaceutically acceptable salt thereof or 
25 converting a salt of a compound having formula (I) into a compound having formula 
(I). 
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. The compounds having formula (Ila) may be prepared by reaction of a 
compound having (II): 



X (H) 



5 where X is as defined above with a compound having the formula (III): 

A,— NH2 (HI) 

wherein A ^ is as defined above. 



The reactions mentioned above may be carried out in a solvent such as 
methanol or ethanol at elevated temperatures. 



As mentioned previously, the compounds of formula (I) and their 
15 pharmaceutically acceptable salts have been found to relax smooth muscle. They are 
therefore useful in the treatment of disorders associated with smooth muscle 
contraction, disorders involving excessive smooth muscle contraction of the urinary 
tract (such as incontinence), or of the gastro-intestinal tract (such as irritable bowel 
syndrome), asthma, and hair loss. Furthermore, the compounds of formula (I) are 
20 active as potassium channel activators which render them useful for treatment of 
peripheral vascular disease, hypertension, congestive heart failure, stroke, anxiety, 
cerebral anoxia and other neurodegenerative disorders. 

The present invention accordingly provides a pharmaceutical composition 
25 which comprises a compound of this invention in combination or association with a 
pharmaceutically acceptable carrier. In particular, the present invention provides a 
pharmaceutical composition which comprises an effective amount of a compound of 
this invention and a pharmaceutically acceptable carrier. 
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The compositions are preferably adapted for oral administration. However, 
they may be adapted for other modes of administration, for example, parenteral 
administration for patients suffering from heart failure. 

5 In order to obtain consistency of administration, it is preferred that a 

composition of the invention is in the form of a unit dose. Suitable unit dose forms 
include tablets, capsules and powders in sachets or vials. Such unit dose forms may 
contain from 0.1 to 100 mg of a compound of the invention and preferably from 2 to 
50 mg. Still further preferred unit dosage forms contain 5 to 25 mg of a compound of 
10 the present invention. The compounds of the present invention can be administered 
orally at a dose range of about 0.01 to 100 mg/kg or preferably at a dose range of 0.1 
to 10 mg/kg. Such compositions may be administered from 1 to 6 times a day, more 
usually from 1 to 4 times a day. 

15 The compositions of the invention may be formulated with conventional 

excipients, such as a filler, a disintegrating agent, a binder, a lubricant, a flavoring 
agent and the like. They are formulated in conventional manner, for example, in a 
manner similar to that used for known antihypenensive agents, diuretics and 
blocking agents. 

20 

The present invention further provides a compound of the invention for use as 
an active therapeutic substance. Compounds of formula (I) are of particular use in the 
induction of smooth muscle relaxation. 

25 The present invention further provides a method of treating smooth muscle 

disorders in mammals including man, which comprises administering to the afflicted 
manmial an effective amount of a compound or a pharmaceutical composition of the 
invention. 



30 



The following examples are presented to illustrate rather than limit the 
methods for production of representative compounds of the invention. 
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Examnle 1 

3-fPvridin-4-vlamino>^-n.2.2.trimethvl. pronvlaniinn^. 
gvglohiit.l-PnP.l .2.dioni. 

5 

Step 1) Preparation of 3-(pyridin-4-ylamino)-4-ethoxy-cyclobut-3-«ie-l,2- 
dione 

To a solution of 3,4-diethoxy-3-cyclobutene-l,2-dione (S.OOg, 29.4 mmol) in 
10 absolute ethanol (100 mL) was added a suspension of 4-aniinopyndine (2.77g, 29.4 
mmol) in ethanol (50 mL). The reaction mixture was refluxed for 4 hours then 
concentrated to give crude product. Chromatography (EtOAc) afforded 0.632 g 
(10%) of a white solid: mp 120-125 "C. 

15 Step 2) Preparation of 3-(pyridin-4-ylamino)-4-( 1,2,2-trimethyl- 

propylamino>cy cIobut-3-ene- 1 ,2-dione 

To the above squarate (0.332 g. 1.52 mmol) in acetonitrile (30 mL) was 
added 2-amino-3,3-dimethylbutane (0.200 ml, 1.52 mmol). A precipitate fonned 
20 while stiiring overnight. The crude reaction mixture was vacuum filtered and the 
precipitate was dried in vacuo to yield 0.328 g (79%) of a pale yellow solid: mp 255- 
257 °C: IH NMR (DMSO-de): 5 9.80 (s, IH), 8.42 (dd. 2H). 7.72 (d, IH). 7.45 (dd, 
2H), 3.96-4.00 (m, IH), 1.18 (s. 3H). 0.91 (s, 9H). IR (KBr): 3200. 1800. 1675. 1600 
cm-l; MS (m/z) 274 (MH+). 



25 



Elemental analysis for C15H19N3O2 

Calc'd: C, 65.91; H. 7.01; N, 15.37 
Found: C, 65.91; H, 6.96; N, 15.22 
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Examnle 2 



fExoV3-n)icvclor2.2JlheDt-2-vlamino)-4-fDvridin-4-vlaniinn^.cvclnhut-.l- 

5 

To the product of Example 1, Step 1 (0,332 g, 1.52 nunol) in acetonitrile (30 
mL) was added (±) exo-2-aininonorbomane (0.180 xnL, 1.52 ininol). A precipitate 
forms while stirring overnight. The reaction mixture was vacuum filtered and the 
precipitate was dried in vacuo to yield 0.350g (81%) of a pale yellow solid: mp 268- 
10 270°C (dec); NMR (DMSO-d6): 5 9.70 (s, IH), 8.40 (d, 2H), 7.74 (d, IH), 7.42 
(d, 2H), 3.90-3.95 (m, IH), 2.23-2,31 (m, 2H), 1.78-1.84 (m, IH), 1.09-1.54 (m, 7H). 
IR(KBr): 3200, 1795, 1670, 1600 cm-i; MS (m/z) 283 (M+). 



15 Elemental analysis for C16H17N3O2 

Calc'd: C, 67.83; H, 6.05; N, 14.83 
Found: C, 67.48; H, 6.03; N, 14.66 

Example 3 

20 

3-fPvridin-3-vlamino)-4-(1.2.2-tnmethvl-prQnv!amino). 
cvclobut>3-ene-1.2-dinne 



Step 1) Preparation of 3-(pyridin-3-ylamino)-4-ethoxy-cyclobut-3-ene-l,2- 

25 dione 



To a solution of 3,4-diethoxy-3-cyclobutene-l,2-dione (S.OOg, 29.4 mmol) in 
absolute ethanol (lOOmL) was added a suspension of 3-aminopyridine (2.77g, 29.4 
mmol) in ethanol (50 mL). The mixture was heated at reflux for 18 hours, then 
30 concentrated. Chromatography (4:1 EtOAc/hexane) afforded 3.15 g (49%) of a white 
solid: mp 140-145 °C. 



Step 2) Preparation of 3-(pyridin-3-ylamino)-4-( 1 ,2,2-trimethyl- 

propylamino)-cyclobut-3-ene- 1 ,2-dione 
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To tbe above squarate (0.328 g, 1.50 minol) in acetonitrile (30 mL) was added 
2-aniino-3,3-(iimethyIbutane (0.2(X) mL, 1.52 mmol). A precipitate forms while 
stirring overnight. The crude reaction mixture was vacuum filtered and the 
precipitate was dried in vacuo to yield 0.27 g (66%) of a white solid: mp 243-245''C; 
5 IH NMR (DMSO-d6): 5 9.67 (s, IH), 8.58 (d, 1H),7.98 (d, IH). 7.66 (d, IH), 7.38 
(m, IH), 3.96-4.00 (m, IH). 1.18 (s, 3H). 0.95 (s, 9H) ; IR (KBr): 3200, 1800, 1665, 
1600 cm-1. MS (m/z) 273 (M+). 

Elemental analysis for C15H19N3O2 
10 Calc'd: C. 65.91; H, 7.01; N, 15.37 

Found: C. 65.92; H. 6.95; N, 15.24 

Eicamnle4 

3-f2-Methvlpthvlafnino>-4.fnvririin.3-vlaTninnVcvelnhiit. 

.l-gne-1.2-dmne 

To the product from Example 3, Step 1 (0.180 g, 0.825 mmol) in acetonitrile 
(1(X) mL) was added isopropylamine (20 mL, 235 mmol). The reaction was stirred at 
room temperature overnight, then concentrated. Trituration with ethylacetate/di- 
ethylether afforded 0.135 g (71%) of a white solid: mp 258-260 "C; iH NMR 
(DMSO-de): 5 9.62 (br s, IH). 8.55 (s, IH), 8.22 (d, IH), 7.94 (br d, IH), 7.73 (br s, 
IH), 7.36 (dd, IH), 4.20 (br m. IH), 1.25 (d, 6H). IR (KBr): 3200, 1800, 1660, 
1610 cm-l; MS (m/z) 231(M+). 

Elemental analysis for C12H13N3O2 

Calc'd: C, 62.32; H, 5.66; N, 18.17 
Found: C, 62.86; H, 5.79; N, 18.53 

Examples 

3-Dimethvlamino-4-fDvridin-3-vlaininnVcvglohii»-^.enP.1.2-HiftnP 



To the product from Example 3, Step 1 (0.330 g, 1.51 mmol) in acetonitrile 
(200 mL) was introduced to a stream of dimethylamine gas (15 minutes). The 
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resultant solution was stirred overnight at room temperature, concentrated, and 
triturated with dichloromethane/diethylether to afford 0.278g (85%) of an white solid: 
mp 235-237 *»C; NMR (DMSO-de): 8 9.50 (s, IH). 8.46 (s, IH), 8.22 (d, IH), 
7.60 (d, IH), 7.32 (dd. IH). IR (KBr): 1790, 1685, 1600 cm-1; MS (m/z) 217 (M+). 

5 

Elemental analysis for Ci iHi 1N3O2 

Calc'd: C, 60.82; H, 5.10; N, 19.34 
Found: C, 60.71; H, 5.07; N, 19.46 

10 FTtanipk ^ 

3-Amino.4.fnvridin..^.viainino^-cvclohiif.3.ene.1.2-dinng 

To the product from Example 3, Step 1 (0.330 g, 1.51 mmol) in acetonitrile 
15 (200 mL) was introduced to a stream of ammonia gas until solution became turbid. 
The resultant mixture was stirred overnight at room temperature. The precipitate was 
vacuum filtered and dried to afford 0.266g (93%) of a white solid: mp 297 °C(dec); 
iH NMR (DMSO-d6): 6 8.56 (s, IH). 8.22 (d. IH), 7.92 (d, IH), 7.37 (m. IH). IR 
(KBr): 3200, 1800. 1670, 1625 cm-1; mS (m/z) 189 (M+). 

20 

Elemental analysis for C9H7N3O2 

Calc'd: C, 57.14; H, 3.73; N, 22.21 
Found: C, 57.18; H, 3.69; N, 22.10 

25 Example 7 

3-Tert-butvlamino.4-fDvridin-3.vlamino>.rvriohiit..^.pn«^1.2.riionP 

The product from Example 3, Step 1 (2.60 g, 11.9 mmol) was dissolved in 
30 tert-butylamine (50 mL). The solution was refluxed for three hours, cooled, and 

concentrated in vacuo. Trituration with diethylether afforded 1.05 g (36%) of a white 
solid: mp 250-252 "^C; ^H NMR (DMSO-de): 8 8.57 (s, IH), 8.23 (d, IH), 7.96 (d, 
IH). 7.37 (m, IH) 1.43 (s,9H). IR (KBr): 1790, 1685, 1600 cm-1; MS (m/z) 245 
(M+). 
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Elemental analysis far C13H1SN3O2 

Calc'd: .C, 63.66; H, 6.16; N, 17.13 
Found: C, 63.28; H, 6.22; N, 17.07 



ExamnlpX 



3-Tert-butvlaniino.4.risnntiinnlin.^ .vlaininnWvo^^^ ,,f. 



10 Stepl) Preparation of 3-(isoquinolin-5-ylaniino)-4-ethoxy- 

cyclobut-3-ene- 1,2-dione 

To a solution of 3,4-dicthoxy-3-cyclobutene- 1,2-dione (S.OOg, 29.4 mmol) in 
absolute ethanol (100 mL) was added a suspension of 5-aminoisoquinoline (4.24g, 
15 29.4 mmol) in ethanol (50 mL). The mixture was heated to reflux overnight and then 
filtered to yield 2.30 g (29%) of solid: mp 182(dec) °C. 

Step 2) Preparation of 3-Tert-butylamino-4-(isoquinolin-5- 

ylamino)-cyclobut-3-ene- 1,2-dione one-eighth hydrate 

20 

The above squarate (0.300 g, 1.12 mmol) was dissolved in tert-butylamine 
(50 mL) and refluxed for three hours. The mixture was cooled, concentrated, and 
triturated with diethylether to afford 0.120 g (39%) of the tide compound as a white 
solid, one-eighth hydrate: mp 268-270 °C(dec); iR NMR (DMSO-de): 5 9.75 (s, 
25 IH), 9.35 (s, IH), 8.62 (d, IH), 8.19 (s. IH), 8.01 (d. IH), 7.88 (d. IH), 7.80 (d. IH). 
7.68 (t, IH), 1.47 (s. 9H). IR (KBr): 3200, 1785, 1670, 1600 cm-1; MS (m/z) 295 
(M+). 

Elemental analysis forCi7Hi7N302 • 0.125 (H2O) 
30 Calc'd: .C, 68.61; H, 5.84; N, 14.12 

Found: C, 68.08; H, 5.78; N, 13.75 
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Fvflinnle 9 



5 A suspension of the the product from Example 8, Step 1 (0.190 g, 0.700 

mmol) in ethanol (3.5 mL) was saturated with ammonia, capped, and heated to 45°C 
for three hours. The mixture was cooled, concentrated, and triturated with 
diethylether . Crude product was recrystallized from dimethylformamide/water to 
give 0.129 g (77%) of the title compound as a pale yellow solid, one-eighth hydrate: 

10 mp 215°C; NMR (DMSO-de): 8 9.87 (s, IH), 9.34 (s, IH), 8.60 (d, IH), 7.40- 
8.60 (hroad signal. NH2). 8.02 (d, IH), 7.86 (d. IH), 7.77 (d. IH), 7.68 (t. IH). IR 
(KBr): 3200, 1800, 1690, 1650 cm-1; MS (m/z) 240(MH+). 

Elemental analysis for C13H9N3O2 • 0.125 (H2O) 
15 Calc'd: C, 64.66; H, 3.86; N, 17.40 

Found: C, 64.10; H, 3.74; N, 16.99 

Fxample 10 

20 ^■fOiiinolin-S -vl»iniino').4.(l-^.2-trimethvl.nronvlamiiio)- 

yYflnhiit-3- pnP-1.2.dione 

Step 1) Preparation of 3-(quinolin-8-ylamino)-4-ethoxy-cyclobut-3-ene- 

1,2-dione 

25 

To a solution of 8-aminoquinoline (1.00 g, 6.94 mmol) in ethanol (20 mL) 
was added 3.4-diethoxy-3-cyclobutene-1.2-dione (1.03 mL, 6.94 mmol) and the 
resulting mixture was heated to reflux for 24 hours. The mixture was cooled, diluted 
with ethanol. and filtered. The crude product was triturated with chloroform/hexanes, 
30 then purified by chromatography (EtOAc/hexane) to give 1.31 g (70%) of product: 
iR NMR (DMSO-d6) 5 9.75 (br m. 1 H). 8.86 (dd, 1 H). 8.26 (br m. IH), 8.20 (dd, 
IH), 7.57 (m, 2H), 7.53 (dd, IH), 4.95 (q, 2H), 1.59 (t, 3H). 

Step 2) Preparation of 3-(quinolin-8-ylamino)-4-(l ,2,2-trimethylpropylamino)- 

35 cyclobut-3-ene-l,2-dione 
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To the above squarate (0.300 g, 1.12 imnol) in ethanol (5 mL) was added 2- 
amino-3,3-dimethylbutane (0.18 mL, 1.34 mmol) and the resulting mixture was 
heated at 45° C overnight, diluted with hexanes, and filtered to give 0.294 g (81%) of 
5 a yellow solid: mp 244-245; 1h NMR (DMSO-d6) 5 10.45 (s, IH), 8.97 (dd, IH), 
8.62 (d, IH), 8.41 (dd, IH), 8.29 (dd, IH). 7.6 (m. 3H), 4.10 (m, IH). 1.21 (d, 3H), 
0.94 (s, 9H). m (KBr): 3280, 2960, 1790, 1670 cm-1; MS <jm/z) 323 (MH+). 

Elem«ital analysis for C19H21N3O2 
10 Calc'd: C. 70.56; H, 6.54; N, 12.99 

Found: C. 70.38; H, 6.51; N, 12.94 

Examnlgn 

15 3-MethvlammQ-4.(oiiinonn.8-vlaTninn ).cvplnhiif. 

3-ene.1.2-riinnP 

To the product from Example 10. Step 1 (0.64 g, 2.38 mmol) was added 
ethanolic methylamine (8.03 M, 13 mL) and the mixture was stirred at 25 °C for 6 

20 hours. Diethyl ether was added, and the resulting solid was filtered and washed with 
additional ether. Chromatography (EtOAc/hexanes) followed by trituration with 
dimethylsulfoxide/water afforded 0.398 g (66%) of product as a yellow solid: mp 
236-237°C; iR NMR (DMSO-d6) 5 10.32 (s, IH), 8.95 (dd, IH), 8.63 (m, IH), 8.40 
(dd, IH), 8.26 (d, IH). 7.68-7.54 (m, 3H), 3.27 (d, 3H). IR (KBr) 3200. 1795, 1610 

25 cm-1; MS (m/z) 253 (M+), 155 (100%). 

Elemental analysis for C14H1 1N3O2 

Calc'd: C, 66.39; H, 4.38; N, 16.59 
Found: C, 66.13; H, 4.43; N. 16.48 

30 
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■<-Amino^.rauinolin.S-vlamino).cvclnhiit.3-ene-1.2-dione 

5 Ammonia gas was bubbled through a slurry of the product from Example 10, 

Step 1 (0.640 g, 2.38 mmol) in ethanol (13 mL) at -35 "C. After 6 hours, the mixture 
was diluted with diethylether and filtered. Chromatography (EtOAc/hexanes) 
followed by trituration with dimethylsulfoxide/water afforded 0.342 g (60%) of 
product as a yellow solid, quaner hydrate: mp 263*'C (dec); NMR (DMSO-de) 5 
10 10.35 (s. IH). 8.95 (dd. IH). 8.45 (br s, 2H), 8.40 (dd. IH), 8.28 (dd, IH), 7.66-7.55 
(m, 3H). IR (KBr) 3260. 1800 cm-1; MS (m/z) 239 (M+), 211, 183. 155, 129 
(100%). 



Elemental analysis for C13H9N3O2 • 0.25 (H2O) 
15 Calc'd: C. 64.06; H, 3.72; N, 17.24 

Found: C, 63.28; H, 3.85; N, 16.99 

Example 13 

20 3-fOuinolinJ.vlflTnino^^-n.2.2.trimethvl-propvlamino)-cvclobut- 

3.ene-1.2-dionc 



Step 1) Preparation of 3-(Quinolin-3-ylamino)-4-eihoxy-cyclobut-3-ene- 
1,2-dione 

25 

To a solution of 3-aminoquinoline (2.12 g, 14.69 mmol) in ethanol (60 mL) 
was added 3,4-dicthoxy-3-cyclobutene-l,2-dione (2.50 g, 14.69 mmol) and the 
resulting mixture was heated to reflux for 24 hours. The mixture was cooled, filtered, 
and the product was washed with diethylether and dried in vacuo to give 3.14 g (80%) 
30 of yellow solid which was used without purification: NMR (DMSO-dfi) 8 11.14 
(s, IH). 8.92 (dd, IH), 8.20 (dd. IH), 7.90 (m. 2H). 7.63 (m, 2H). 



35 



Step 2) Preparation of 3-(Quinolin-3-ylamino)-4-(l ,2,2-trimethyl- 
propylamino)-cyclobut-3-ene- 1 ,2-dione 
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To the above squarate (0.30 g, 1.12 mmol) in ethanol (8 mL) was added 2- 
amino-3,3-dimethylbuiane (0.18 mL. 1.34 mmol) and the resulting mixture was 
heated at 50° C ovemighL The precipitate was filtered, washed with diethylether, and 
dried in vacuo to afford 0.30 g (83%) of product as a light tan solid: mp 242-246°C; 
5 iH NMR (DMSO-d6) 5 9.93 (s, IH), 8.90 (d. IH). 8.38 (br s, IH), 7.97 (d, IH). 7.84 
(dd, IH), 7.75-7.55 (m, 2H), 4.00 (m. IH), 1.20 (d, 3H), 0.94 (s, 9H). JR (KBr) 3160. 
2960, 1795. 1650 cm-1; MS (m/z) 324 (MH+). 

Elemental analysis for C19H21N3O2 
10 Calc'd: C, 70.57; H, 6.55; N, 12.99 

Found: C. 70.97; H, 6.41; N, 13.04 

ExamnlP 14 

3'Tert-hutvlamino^-fauinolin-3.vl5iTninnWvrlnh..^. 3.enP-l.2.riinnp 

To the product from Example 13. Step 1 (0.30 g, 1.12 mmol) in ethanol (8 
mL) was added tert-butylamine (0.35 mL, 3.36 mmol) and the resulting mixture was 
heated at 60° C overnight. The mixture was concentrated, and the residue was 

20 dissolved in ethylacetate. Addition of hexanes induced precipitation of product which 
was filtered and triturated with diethylether/hexanes. Filtration and drying affotded 
0.28 g (85%) of the title compound as a yellow solid, three -quarter hydrate: mp 257- 
260°C; iH NMR (DMSO-d6) d 10.00 (br d. IH). 8.9 (d. IH), 8.4 (m, IH), 8.02 (d. 
IH). 7.96 (br d, IH), 7.86 (dd. IH). 7.66-7.54 (m, 2H), 1.45 (s, 9H). IR (KBr) 3400, 

25 3200, 2980, 1785, 1680 cm-1; ms (m/z) 296 (MH+). 

Elemental analysis for C17H17N3O2 • 0.75 (H2O) 
Galc'd: C. 66.1 1; H. 6.04; N. 13.61 
Found: C. 66.08; H, 5.86; N. 13.36 



wo 95/14005 



PCT/US94/12561 



- 18- 



Example 15 

3.fOuinonn..^.vlaTnino).4.ri.l-dimethvl.propvlaTninoWvclohut- 

.Vene-1.2-dione 

5 

To the product firom Example 13, Step 1 (0.30 g, 1.12 mmol) in ethanol (7 
mL) was added teit-amylamine (0.39 mL, 3.35 nunol). After 48 houis of sturing at 
45''C, an additional aliquot of amine (0.39 mL) was added. After 3 hours, the 
mixture was cx>ncencrated and the residue was triturated with hexane/diethylether to 
10 give 0.328 g (95%) of product as an off white solid, three-quarter hydrate: mp 234- 
236°C; 1 H NMR (DMSO-d6) 5 10.04 (br s, IH), 8.9 (d, IH), 8.4 (d, IH), 7.95 (d, 
IH), 7.86, (m. 2H), 7.6 (ni, 2H), 1.78 (q, 2H), 1.40 (s, 6H), 0.89 (t, 3H). IR (KBr) 
3370, 3240, 2960, 1785, 1680 cm-1; MS (m/z) 309 (M+). 

15 Elemental analysis for C i sH 1 9N3O2 • 0.75 (H2O) 
Calc'd: C, 66.96; H, 6.40; N, 13.01 
Found: C, 67.1 1; H, 6.26; N, 13.05 

Example 16 

20 

3-(6-Methoxv-quinolin-8-vlamino>-4-n.2.2-trimethvl-propvlammoV 

cvclohiit.3.ene-1.2-dione 

Step 1) Preparation of 3-(6-Methoxy-quinolin-8-ylamino)-4— ethoxy- 

25 cyclobut-3-ene-l,2-dione 

In a procedure identical to Example 10, Step 1, 8-aniino-6-methoxyquinoline 
(2.00 g, 11.48 mmol) was reacted with 3,4-diethoxy-3-cyclobutene-l,2-dione (1.70 
mL, 1 1.48 mmol) to give 0.99 g (29%) of product: NMR (DMSO-de) 5 10.21 (s, 
30 IH), 8.75 (dd, IH), 8.29 (dd, IH). 7.61 (m, 2H), 7.17 (d. IH), 4.76 (q, 2H), 3.90 (s, 
3H), 1.40 (t,3H). 

Step 2) Preparation of 3-(6-Methoxy-quinolin-8-ylamino)-4~(l,2,2-trimethyl- 

propylamino)-cyclobut-3-ene-l,2-dione 

35 
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In a procedure identical to Example 10, Step 2, the above squarate (0.25 g, 
0.839 mtnol) and 2-amino-33-dimethylbutane (0.13 mL, 1.01 namol) were reacted to 
give 0,21 g (71%) of title compound as an off-white solid: mp 243-245''C; NMR 
(DMSO-d6) 5 10.43 (br s. IH), 8.78 (dd, IH), 8.64 (d, IH), 8.28 (dd, IH), 8.13 (d. 
5 IH). 7.56 (dd, IH), 7.02 (d, IH). 4.11 (m. IH), 3.88 (s. 3H), 1.20 (d. 3H). 0.94 (s, 
9H). IR (KBr) 3400, 3220. 2950. 1780 cm-1; MS (m/z) 353 (M+). 

Elemental analysis for C20H23N3O3 

C:alc'd: C, 67.96; H. 6.55; N. 1 1.88 
10 Found: C, 67.72; H, 6.56; N, 1 1.74 

3-f6-Methoxv.Quinolin.8-vlamino%4.methvlaTiiinn. 

15 cvclnhiif.3-fine-1.2.dione 

The product from Example 16, Step 1 (0.25 g. 0.839 mmol) was added to 8 N 
ethanolic methylamine (7 mL). The resulting mixture was stiired for 4 hours and 
Altered. The solid was recrystallized from dimethylsulfoxide/water to give 0.12 g 
20 (50%) of product as a yellow solid: mp >275°C; ^H NMR (DMSO-d6) 5 10.29 ( br s, 
IH), 8.75 (dd, IH), 8.68 (br q, IH). 8.27 (dd, IH), 8.10 (d, IH), 7.55 (m, IH), 7.00 (d, 
IH). 3.88 (s. 3H), 3.26 (d. 3H). IR (KBr) 3240, 1795 cm-1; mS (m/z) 283 (M+). 185 
(100%). 

25 Elemental analysis for Ci 5H 13N3O3 

Calc'd: C, 63.59; H, 4.62; N, 14.83 
Found: 63.30; H, 4.58; N. 14.70 



30 



Examnle ?R 

3-Tert-butvlaminn.4.fnii:.. >? : n-6-vlamino^.cvplnhllf■ 
3.ene.1■2.rt;onP 



35 



To a solution of 3,4-diethoxy-3-cyclobatene-l,2-dione (5.00g, 29.4 mmol) in 
absolute ethanol (100 mL) was added a suspension of 6-aminoquinoline (4.24 g. 29.4 



wo 95/14005 



PCT/US94/12561 



- 20- 



10 



mmol) in ethanol (50 mL). The mixture was heated at reflux for 18 hours, cooled, 
and vacuum filtered to afford 6.64 g (84%) of crude product (mp: 185-187. dec) 
which was used without further purification. An aliquot (3.00 g, 1 1.2 mmol) was 
dissolved in tert-butylamine (50 mL). The solution was rcfluxed for three hours, 
cooled, and concentrated. The residue was recrystallized twice from ethanol then 
triturated with diethylether to give 1.05g (31%) of the title compound as a pale yellow 
solid, one-quarter hydrate: mp 234-236 °C; iR NMR (DMSO-dg): 5 9.92 (s. IH). 
8 76 (d. IH). 8.24 (d. IH). 8.01 (d. IH). 7.98 (s. IH). 7.97 (d, IH). 7.88 (d, IH). 7.48 
(m, IH). 1.45 (s. 9H). IR (KBr): 1780. 1665. 1610 cm'l; MS (m/z) 295 (M+). 

Elemental analysis for C17H17N3O2 • 0.25 (H2O) 
Calc'd: C. 68.10; H, 5.88; N, 14.01 
Found: C. 67.63; H. 5.92; N. 13.96 

^3 Fxnmnlg 19 

.inn-d-flH- inHa^nl-^-vlaminoVcvdobUt- 
^.PfiP.l.l-dione 

20 To a solution of 3.4-diethoxy-3-cyclobutene-1.2-dione (4.51g, 26.5 mmol) in 

absolute ethanol (100 mL) was added a suspension of 6-aminoindazole (3.53g, 29.4 
mmol) in ethanol (50 mL). The mixture was refluxed for 18 hours, cooled, and 
vacuum filtered to afford 3.60 g (53%) of crude product which was used without 
further purification. An aliquot (2.00 g, 7.77 mmol) was dissolved in ten-butylamine 

25 (50 mL) and the resulting mixture was refluxed for three hours, cooled, and 
concentrated. The crude pioduct was recrystallized from ethanoVwater to give 0.45 g 
(19%) of the tide compound as a white solid, dihydrate: mp 183-185 "C; NMR 
(DMSO-de): 5 13.00 (s. IH). 9.74 (s. IH). 7.97 (s. IH). 7.92 (s. IH). 7.88 (s. IH). 
7.70 (d, IH), 7.05 (d. IH), 1.44 (s, 9H). IR (KBr): 3200, 1790. 1655. 1600 cm-1; MS 

30 (m/z) 284 (M+). 

Elemental analysis for C15H16N4O2 • 2 (H2O) 
Calc'd: C. 56.24; H. 6.29; N. 17.49 
Found: C. 56.06; H. 6.29; N. 17.43 

35 
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Example 20 

3-risoQuinonn-5-vlamino)-4-methv1aTnino-cvclobut- 

3.>ene-l,2.riiong 

5 

To a solution of 3,4-diethoxy-3-cyclobutene-l,2-dionc (5.00g, 29.4 mmol) in 
absolute ethanol (100 mL) was added a suspension of S-aminoisoquinoline (4.24 
29.4 nunol) in ethanol (SO mL). The mixture was heated at reflux for 18 hours* 
cooled, and vacuum filtered to afford 2.30 g (29%) of crude product (mp: 182, dec) 

10 which was used without further purification. To an aliquot (0.335 g, 1.25 mmol) of 
the squarate in ethanol (1.5 mL) was added 33% methylamine in ethanol (1.4 mL). 
The mixture was heated to 40^C for 15 minutes, cooled, and concentrated. 
Trituration with diethylether afforded crude product which was crystallized from a 
minimal amount of methanol to give 0.149 g (47%) of an pale yellow solid: mp 245- 

15 250 (dec); iH NMR (DMSO-d6): 8 9.79 (s, IH), 9.33 (s. IH), 8.60 (d, IH), 7.99 
(d, IH), 7.86 (d, IH), 7.76 (br d, IH), 7,66 (t, IH), 7.76 (br s, IH). IR (KBr): 3200, 
1800, 1680, 1605 cm-l; MS (nVz) 253 (M+). 

Elemental analysis for Ci4HnN302 
20 Calc'd: C, 66.40; H, 4.38; N, 16.59 

Found: C, 66.06; H. 4.35; N, 16.32 

Examnle 21 

25 4-r3.4-Dioxo«2-fL2.2-trimethvUDroDvlaminn^- 

cvclobut.>l>envlaminol>henzQnitrile 



30 



Step 1) Preparation of 4-(3,4-Dioxo-2-ethoxy-cyclobut-l-enylamino)- 

benzonitrile 



4-Aminobenzonitrile (3.47g, 29,4 mmol) was added to a solution of 3,4- 
diethoxy-3-cyclobutene-l,2-dione (5.00g, 29.4 mmol) in absolute ethanol (100 mL). 
The mixture was heated at reflux overnight. The mixture was cooled, and the 
resulting yellow precipitate was collected by vacuum filtration. Yield: 2.60 g (37%): 
35 mp 218-222 
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Step 2) Preparation of 4-[3,4-Dioxo-2-(l^^-thmethyl-propylainino)- 

cyclobut- 1 -enylaiiiino]-benzonitrile 

S To the above squarate (1.00 g, 4.13 mmol) in acetonitrile (250 inL) was 

added 2-aimno-3,3-dimethylbutane (0.600 mL, 4.48 nunol). A precipitate forms 
while stirring overnight. The crude reaction mixture is vacuum filtered. The solid is 
triturated with diethylether to afford 0.620 g (50%) of product as a yellow solid: mp 
241-243*C ; NMR (DMSO-de): 8 9.89 (s, IH), 7.78 (d, 2H). 7.72 (d, IH), 7.60 
10 (d, 2H), 3.95-4.00 (m, IH), 1.18 (d, 3H), 0.91 (s. 9H). IR (KBr): 3200, 1790, 1660, 
1600 cm-1; MS (m/z) 297 (M+). 



Elemental analysis for C17H19N3O2 

Calc'd: C, 68.67; H, 6.44; N, 14.13 
15 Found: C, 68.63; H, 6.15; N, 14.30 



Example 22 



(Exo\-4.r2.rhicvclor2.2.nhept-2-vlaminoV3.4-dioxo-cvclobiif- 
20 1 -en vlaminol-henzonitrile 

To the product of Example 21 , Step 1 (0.368 g, 1.52 mmol) in acetonitrile (30 
mL) was added (+)exo-2-aminonorbomane (0.180 mL, 1.52 mmol). A precipitate 
forms while stirring overnight. The crude reaction mixture was vacuum filtered and 
25 triturated with diethylether to afford 0.370 g (79%) of a yellow solid: mp 288-290°C 
; m NMR (DMSO-de): 8 9.79 (s, IH), 7.78 (d, 2H). 7.76 (m, IH), 7.58 (d, 2H), 
3.90-3.98 (m, IH), 2.22-2.34 (m, 2H), 1.76-1.86 (m. IH), 1.08-1,56 (m, 7H). IR 
(KBr): 2220, 1790, 1650, 1600 cm-1; MS (m/z) 307 (M+). 



30 



Elemental analysis for C18H17N3O2 

Calc'd: C, 70.34; H. 5.57; N, 13.67 
Found: C, 70.17; H, 5.50; N, 13.96 
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Exam Pig ?3 

4-r3.4-Dioxo-2>a,2^-triniethv1-DropvlaTninnWvrlnh^lt, 
1-envlaTninoVbenzcnesiilfniniTniriP 

To a slurry of sulfanilamide (1.72 g, 10.0 mmol) in ethanol (10 mL) was 
added 3,4-diethoxy-3-cyclobutene-i;2-dione (2.43 g, 14.3 mmol). The reaction was 
heated at reflux overnight, cooled, and a yellow precipitate was collected by vacuum 
filtration. Yield: 2.60 g (98%): mp 210-212 ^C. 



To the above squarate (0.750 g, 2.84 mmol) in ethanol (10 xnL) was added 2- 
amino-3,3-dimethylbutane (0.380 mL, 2.84 mmol). The mixmre was heated to reflux 
overnight then concentrated. The residue was dissolved in acetone/ethylacetate (1:1) 
and filtered through a plug of silica gel to afford 0.200 g (20%) of the title compound 
15 as a white solid, hemi-hydrate: mp 233-235^C ; NMR (DMSO-de): 5 9.87 (s, 
IH), 7.79 (d, 2H), 7.75 (d, IH), 7.58 (d, 2H), 7.25 (s, 2H), 4.00 (m, IH), 1.18 (d, 3H), 
0.92 (s, 9H). IR (KBr): 1790, 1670, 1600 cm-l; MS (m/z) 351 (M+). 

Elemental analysis for C16H21N3O4S • 1/2 H20 
20 Calc'd: C, 53,32; H, 6.15; N, 1 1.66 

Found: C, 52.89; H, 5.81; N. 11.42 

25 f+VfRM43.4.Dioxo-2-(1.2.2-frinngfhvUDronvlaTni noWvclnhiit,U 

envlaminol-3-ethvl-benzQnitriIe 

Step 1) Preparation of 4-(2-ethoxy-3,4-dioxo-cyclobut- 1 -enylamino)- 

3-ethylbenzonitrile 

30 

4-Amino-3-ethylbenzonitrile (0.86 g, 5.88 mmol) and 3.4-diethoxy-3- 
cyclobutene-l,2-dione (1.0 g, 5.88 mmol) in aceionitrile (2 mL) was heated in an oil 
bath at 110°C for 21 h. 3,4-diethoxy-3-cyclobutehe-l,2-dione (0.5 g, 2.9 mmol) was 
added to the reaction mixture and the temperature of the oil bath increased to 150^C. 
35 After 48 h the reaction mixture was cooled to room temperature, then diluted with 
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ethyl acetate and filtered. The filtrate was concentrated and the resulting solid was 
taken up in ethyl acetate (5 mL) and sonicated. Filtration gave 0,54 g (34%) of a light 
brown solid: iR NMR (DMSO-d6): 5 10.56 (br s, IH), 7.70 (br s overlapping a 
doublet at 5 7.69. 2H), 7.30 (d, IH), 4.71 (q, 2H). 2.74 (q. 2H), 1.37 (t, 3H). 1.15 (t, 
5 3H). 

Step 2) (+)-(R>4-[3,4-Dioxo-2-(l ,2.2-trimethyl-propylamino)-cyclobut- 1 - 

enylamino]-3-ethyl-ben2onitrile 

10 4-(2-ethoxy-3,4-dioxo-cyclobut-l-enylamino)-3-ethyl-benzonitrile (1,26 g, 

4.66 mmol) and a solution of (R)-l,2,2-trimethylpropylamine (9.3 niniol) in ethanol 
(58 mL) were stirred at room temperature for 24 h. The resulting yellow solution was 
concentrated to a yellow oil, which was dissolved in acetonitrile (20 mL) and stirred 
at room temperature. The resulting yellow solid was filtered and rinsed with ethyl 

15 acetate to yield 0.79 g (52%) of an off-white solid: mp 235-237^C; [a]? = + 68.20** 
(DMSO, c 0.0072); NMR (DMSO-d6): 5 8.04 (br s. IH), 8.04 (d, IH). 7.69- 
7.57 (m, 3H), 4.05 (m, IH), 2.71 (q, 2H), 1.27-1.16 (overlapping doublet and triplet, 
6H), 0.91 (s, 9H). IR (KBr): 3278. 2959, 2222, 1793, 1674, 1598, 1576, 1522 cm-^, 
MS (m/z) 325 (M+). 

20 

Elemental analysis for C19H23N3O2 

Calc'd: C, 70.13; H,7.12; N, 12.91 
Found: C, 69.82; H, 7.17; N, 12.99 

25 Ex^mpl^ 25 

f>4^^-(R)-4-n.4>Dioxo-2-ri.2.2-trim ethv1-DroDvlaminoVcvclobut-l- 
enviaminn%3-methQxv-benzonitrile 

30 Step 1) Preparation of 4-(2-ethoxy-3,4-dioxo-cyclobut-l-enylamino)- 

3-methoxybenzonitrile 



35 



To a cooled solution of 3-methoxybenzonitrile (10 g, 75 mmol) in acetic 
anhydride (150 ml) was added 70% nitric acid (60 mL) at a rate that kept the reaction 
mixmre below 50*^C. After 1 h the reaction mixture was poured onto ice (400 cc) and 
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extracted >vith ethyl acetate. The ethyl acetate layer was washed with water, and 
dried 0*4a2SO4). Concentration under reduced pressure and chromatography with 
ethyl acetate/hexanes gave 2.69 g (20%) of 3-methoxy-4-nitrobenzonitrile: NMR 
(DMSO-d6): 5 8.04 (d, IH), 7,93 (d, IH), 7.61 (dd, IH), 3.97 (s, 3H). 3-Methoxy-4. 
5 nitrobenzonitrile (2.6 g, 14.6 mmol) was suspended in ethanol(l(X) mL) and added to 
a mixture of 5% platinum on carbon (250 mg) in ethanol (150 mL). The reaction 
mixture was stirred under a hydrogen gas atmosphere. After 24 h the reaction was 
filtered, concentrated, and chromatographed (ethyl acetate/hexanes, 25/75) to yield 
1.3 g (60%) of 4-amino-3-mcthoxybenzonitrile: NMR (DMSO-d6): 8 7.1 (m, 

10 2H), 6.65 (d, IH), 5.77 (br s, 2H), 3.79 (s, 3H). 4-Amino-3-methoxybenzonitrile (1.3 
g, 8.77 mmol) and 3,4-diethoxy-3-cyclobutene-l,2-dione (1.5 g, 8.82 mmol) in 
ethanol (50 mL) was heated in an oil bath at 110-115°C for 3 days. The reaction 
mixture was filtered hot, and the filtrate was reduced to half its volume. Filtration 
gave 0.58 g (24%) of a yellow solid: mp 159-161°C; iR NMR (DMSO-da): 5 

15 10.42 (br s, IH), 7-54 (d, IH), 7.44 (dd, IH), 7.39 (d, IH), 4.70 (q, 2H). 3.86 (s, 3H), 
L36 (t, 3H). IR (KBr): 3413, 3026, 2650, 2576, 2439, 1719, 1630, 1548 cm-1; MS 
(m/z) 272 (M+). 

Elemental analysis for C14H12N2O4 • 0.2 H2O 
20 Calc'd: C, 60.95; H,4.53; N. 10.15 

Found: C, 60.96; H, 4.32; N, 10.23 

Step 2) (+)-(R)-4-[3,4-Dioxo-2-(l ,2,2-trimethyl-propylamino)- 

cyclobut- 1 -enylamino]-3-methoxy-benzonitrile 

25 

4-(2-ethoxy-3,4-dioxo-cyclobut- 1 -enylamino)-3-methoxy-benzonitrile (0.58 g, 
2.1 mmol) and a solution of (R)-l,2,2-trimethylpropylamine (4.2 mmol) in ethanol 
(21 mL) were stirred at room temperature for 24 h. The reaction mixture was filtered, 
and the nitrate was concentrated to a foam, which was dissolved in acetonitrile (10 
30 mL). Upon standing at room temperature fluffy pale yellow needles formed. This 
was filtered and rinsed sparingly with acetonitrile to yield 0.46 g (67%) of a pale 
yeUow needles: mp 273-277°C (dec); [a]? = + 62.86^ (DMSO, c 0.010); ^H NMR 
(DMSO-de): 6 9.49 (br s, IH), 8.31 (d, IH). 7.99 (d. IH), 7.50 (d, IH). 7.43 (dd, 
IH), 4.03 (m, IH), 3.97 (s, 3H), 1.18 (d, 3H), 0.90 (s, 9H). MS (m/z) 327 (M+), 

35 
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Elemental analysis for C18H21N3O3 

Calc'd: C, 66.04; H, 6.47; N, 12.84 
Found: C. 66.02; H, 6.39; N, 12.61 

5 The smooth muscle relaxing activity of the compounds of this invention was 

established in accordance with standard pharmaceutically accepted test procediires in 
representative compounds as follows: 

Sprague-Dawley rats (150-200 g) are rendered unconscious by CO2 

10 asphjodation and then euthanized by cervical dislocation. The bladder is removed into 
warm (37 deg.C) physiological salt solution (PSS) of the following composition 
(mM): NaCl, 118.4; KCl, 4.7; CaCl2, 2.5; MgS04. 4.7; H2O, 1.2; NaHCOs, 24.9; 
KH2PO4, 1.2; glucose, 11.1; EDTA, 0,023; gassed with 95% O2; 2/5% CO2; pH 7.4. 
The bladder is opened and then cut into strips 1-2 mm in width and 7-10 mm in 

15 length. The strips are subsequently suspended in a 10 mL tissue bath under an initial 
resting tension of 1.5 g. The strips are held in place by two surgical clips one of which 
is attached to a fixed hook while the other is attached to an isometric force transducer. 
The preparations, which usually exhibit small spontaneous contractions, are allowed 
to recover for a period of 1 hour prior to a challenge with 0.1 uM carbachol. The 

20 carbachol is then washed out and the tissue allowed to relax to its resting level of 
activity. Following one further 30 minute period of recovery, an additional 15 mM 
KCl are introduced into the tissue bath. This increase in KCl concentration results in a 
large increase in the amplitude of spontaneous contractions (and initiation of 
contractions in previously quiescent strips) superimposed upon a small increase in 

25 basal tone. Following stabilization of this enhanced level of contractile activity, 
incremental increases in the concentration of test compound or vehicle are introduced 
into the tissue bath. Contractile activity is measured for each compound or vehicle 
concentration during the last minute of a 30 minute challenge. 

30 The isometric force developed by the bladder strips is measured using a 

concentration required to elicit 50% inhibition of pre-drug contractile activity (IC50 
concentration) is calculated from this concentration-response curve. The maximum 
percentage inhibition of contractile activity evoked by a test compound is also 
recorded for concentrations of test compound less than or equal to 30 ^iM. 
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The results of this study are shown in Table I. 
5 Tnhihitinn of rnntractions in Tsolafcd Rat Bladder Strips 



Compound 


no. of 


IC5Q 


Inhibition of Force 




animals 




(%) at (x) pM 


Example 1 


6 


1.36 nM 




Example 2 


2 


15.85 M.M 




Ebtample 3 


3 


1.95 ^M 




Example 6 


2 




31% (30^lM) 


Example 7 


2 


2.8 




Example 8 


4 


1.84 jlM 




Example 9 


4 




43% (30 ^M) 


Example 10 


4 


8.0 jiM 




Example 14 


4 




51% (30 ^iM) 


Example 19 


4 


6.34 hM 




Example 21 


2 


0.52 liM 




Example 24 


2 


0.021 




Example 25 


2 


0.29 ^lM 





Hence, the compounds of this invention have a pronounced effect on smooth 
muscle contractility and are useful in the treatment of urinary incontinence, irritable 
10 bladder and bowel disease, asthma, hypertension, stroke, and similar diseases as 
mentioned above, which are amenable to treatment with potassium channel activating 
compounds by administration, orally, parenterally, or by aspiration to a patient in 
need thereof. 
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WhHt isdaimgd ist 



-1- 



A compound of the formula: 

\ ^ 



H 



N N 



1 



R2 



(D 



10 



15 



wherein: 



Rl and R2 are, independent from each other, hydrogen, Ci-iO straight 
chain alkyl, Ci-io branched alkyl , or C3.10 cyclic or bicyclic 
alkyl; 

A is is selected from the group consisting of: 
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wherein: 

R3 is hydrogen, Ci-6 alkyl, Ci-6 perfluoroalkyl, Ci-6 alkoxy, 
5 Ci-6 perfluoroalkoxy, amino, Ci-6 alkylamino, 

C2-12 dialkylamino, Ci-6 alkylsulfonamido, 
alkylcarboxamido containing 2 to 7 carbon atoms, 
nitro, cyano» carboxyl; 
or, A is a substituted phenyl group of the following formula: 
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R5 

wherein: 

R4 and R5, independent from each other, are selected from the 
following: cyano, nitro, amino, Ci.6 alkyl, 
Cl-6 perfluoroalkyl, Ci-S alkoxy, 
Ci-6 perfluoroalkoxy, amino, Cl-6 alkylamino, 
C2-12 dialkylamino, sulfamyl, 
C1.6 allQ^lsulfonamido, C5.12 arylsulfonamido, 
alkylcarboxamido containing 2 to 7 carbon atoms, 
arylcarboxamido containing 7 to 13 carbon atoms, 
Cl-6 alkylsulfonyl, Ci-6 pcrfluoroalkylsulfonyl, 
C6-12 arylsulfonyl, chloro, bromo, fluoro, iodo, 1- 
imidazolyl, carboxyl or hydrogen, with the proviso that 
R4 and R5 cannot be hydrogen simultaneously; 
or a pharmaceutically acceptable sah thereof. 

-2- 

20 A compound of Claim 1 in which A is selected from the following: 



10 



15 
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R3 




-7 a 




-tR 



3 N 





-tR. 



or, A is a substituted phenyl group of the following formula: 

5 




wherein: 

R4 and R5, independent from each other, are selected from the 
10 following: cyano, nitro, amino, chloro, bromo, fluoro, iodo, 1-imidazolyl,. carboxyl or 
hydrogen, with the proviso that R4 and R5 cannot be hydrogen simultaneously; 

or a pharmaceutically acceptable salt thereof. 

15 -3. 



A compound of Claim 1 in which A is selected from the following: 



wo 95^4005 



PCT/DS94/12561 



- 32- 




R3 






or, A is a substituted phenyl group of the following formula: 




10 



15 



20 



wherein: 

R4 and R5, independent from each other, are selected from the 
following: cyano, nitro, amino, chloro, bromo, fluoro, iodo, 1-imidazolyl,. carboxyl or 
hydrogen, with the proviso that R4 and R5 cannot both be hydrogen simultaneously; 

or a pharmaceutically acceptable salt thereof. 



.4- 



3-Alkylamino-4-[(substituted phenyl)amino]-cyclobut-3-ene-l,2-dione in 
which said alkyl group contains 1 to 6 carbon atoms and the phenyl group is 
substituted by 1 or 2 cyano, nitro, amino, halo or carboxyl group. 



-5- 



A compound of Claim 1 which is: 
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3-(pyridin-4-ylamino)-4-(l ,2,2-trimethyl-propylamino)-cyclobut-3-ene- 1 ,2-dione; 

(exo)-3-(bicyclo[2.2J]hept-2-ylamino)-4-(pyridin-4-ylamino)-cyd^ 
dione; 

5 

3-(pyridin-3-ylamino)-4-(l^,2-trimethyl-propylaniino)-cyclobut-3-en 
3-(2-methylethylamino)-4-(pyridin-3-ylamino)(cyclobut-3-en 1 -,?-H4pne; 
10 3-dimethylamino-4-(pyridin-3-ylamino)-cyclobut-3-ene- 1 ^-dione; 
3-amino-4-(pyridin-3-ylamino)-cyclobut-3-ene-l,2-dione; or 
3-tert-butylairanc>-4-(pyridin-3-ylaixiino)-cyclobut-3-ene-l,2-dione. 

15 

-6- 

A compound of Claim 1 which is: 
20 3-tert-butylamino-4-(isoquinolin-5-ylamino)-cyclobut-3-ene- 1 ^-dione; 
3-amino-4-(isoquinolin-5-ylamino>cyclobut-3-ene- 1 ,2-dione; 
3-(quinolin-8-ylamino)-4-( 1 ^,2-trimethyl-propylamino)-cyclobut-3-ene- 1 ^-dione; 

25 

3-methylamino-4-(quinolin-8-ylamino)-cyclobut-3-ene-l,2-dione; 
3-amino-4-(quinolin-8-ylamino)-cyclobut-3-ene- 1 ,2-dione; 
30 3-(quinolin-3-ylamino)-4-( 1 .2,2-trimethyl-propylamino)-cyclobut-3-ene- 1 ,2-dione; 
3-tert-butylamino-4-(quinolin-3-ylamino)-cyclobut-3-ene-l ,2-dione; 
3-(quinolin-3-y lamino)-4- (1,1 -dimethyl-propylamino)-cyclobut-3-ene- 1 ,2-dione; 

35 
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3-(6-inethoxy-quinolin-8-ylainino)-4-( 1 ,2^-trimethyl-propy larnino)-cyclobut-3-ene 
1^-dione; 

3-(6-methoxy-quinoUn-8-ylamino)-4-methylarnino-cyclobut-3-ene- 1 ,2-dione; 

5 

3-tert-butylainino-4-(quinoIin-6-ylamino)-cyclobut-3-ene-l ,2-dione; or 
3-(isoquinolin-5-ylamino)-4-inethylamino-cyclobut-3-ene- 1 ,2-dione. 
10 -7- 
A compound of Qaim 1 which is: 

3- tert-butylaniino-4-(lH-indazol-6-ylamino)-cyclobut-3-ene- 1 ,2-dione; 

15 

(exo)-4-[2-(bicyclo[2.2. 1 ]hept-2-yiamino)-3,4-dioxo-cyclobut- 1 -enylaniino]- 
benzonitrile; or 

4- [3,4-dioxo-2-(l ,2,2-trimethyl-propylamino)-cyclobut- 1 -enylamino] - 
20 benzenesulfonamide. 

-8- 

A compound of Claim 1 which is 4-[3,4-dioxo-2-(l,2,2-trimethyl- 
25 propylamino)-cyclobui- 1 -enylaminoj-benzonitrile. 

-9- 

A compound of Claim 1 which is (+)-(R)-4-[3,4-Dioxo-2-(l,2,2- 
30 trimethyl-propylamino)-cyclobut- 1 -enylamino]-3-ethyl-benzonitrile. 

-10- 

A compound of Claim 1 which is (+)-(R)-4-[3,4-Dioxo-2-(l,2,2-trimethyl- 
35 propylamino)-cyclobui- 1 -enylamino]-3-methoxy-benzonitrile. 
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-11- 



A method for reducing the adverse effects of smooth muscle contractions 
5 which comprises administering, orally or parenterally, to a patient in need thereof, a 
compound of the formula: 




(I) 



10 



wherein: 

Rl and R2 are, independent from each other, hydrogen, Ci.io straight 
chain alkyl, Ci-io branched alkyl , or C3.10 cyclic or bicyclic 
alkyl; 

A is is selected from the group consisting of: 
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wherein: 

R3 is hydrogen, Ci-6 alky I, Ci-6 perfluoroalkyl, Ci-6 alkoxy, 
5 Cl-6perfluoroalkoxy, amino, Ci-6 alkylannino, 

C2~12 dialkylamino, Ci-6 alkylsulfonamido, 
alkylcarboxamido containing 2 to 7 carbon atoms, 
nitro, cyano, carboxyl; 
or, A is a substituted phenyl group of the following formula: 

10 
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wherein: 

R4 and R5, independent from each other, are selected from the 
5 following: cyano, nitro, amino, Ci-6 alkyl, 

C1.6 perfluoroalkyl, Ci.6 alkoxy, 
C1.6 perfluoroalkoxy, amino, Ci-6 alkylamino, 
C2- 1 2 dialky lamino, sulfaray 1, 
Ci-6 alkylsulfonamido. 06-12 aiylsulfonamido, 
^® alkylcarboxamido containing 2 to 7 carbon atoms, 

arylcarboxamido containing 7 to 13 carbon atoms, 
Ci-e alkylsulfonyl, Ci-6 perfluoroalkylsulfonyl, 
C6-12 arylsulfonyl, chloro, bromo, fluoro, iodo, 1- 
imidazolyl, carboxyl or hydrogen, with the proviso 
*at R4 and R5 cannot be hydrogen simultaneously; 
or a pharmaceudcally acceptable salt thereof. 



-12- 



20 



The method of Claim 10 in which the smooth muscle adversely contracting 
causes urinary incontinence. 



-13- 



25 



The method of Claim 10 in which the smooth muscle adversely contracting 
causes initable bowel syndrome. 
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A pharmaceutical composition comprising a compound as claimed in any one 
of Claims 1 to 8 in combination or association with a pharmaceutically acceptable 
5 carrier. 



- 15- 



A process for preparation of a compound as claimed in Claim 1, which 
10 comprises reaction of a compound having the formula (Ila): 



N 

I 

H 



(Ha) 



where A i is A, as defined in Claim 1» or a group of atoms convertible thereto, and X 
15 is a leaving group; with a compound having the formula (IV): 



HN. 



R 



32 



(IV) 



20 



25 



wherein Ral and Ra2 are, respectively, Ri and R2, as defined in Claim 1, or a group 
of atoms convertible thereto and, where appropriate, converting Ai into A or 
converting Ral and Ri or converting Ra2 into R2 and, where desired, converting a 
compound having formula (I) into a pharmaceutically acceptable salt thereof or 
converting a salt of a compound having formula (I) into a compound having formula 

a). 
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